Abstract: This paper addresses a modeling and nonlinear control of photovoltaic systems which includes photovoltaic panels, a half bridge inverter with capacitive divider and an LCL filter connected to singlephase grid. We seek the achievement of three control objectives: i) ensure that the PV panels generate its maximum power ii) regulating the DC link voltage to track its reference provided by MPPT block, iii) achieve a satisfactory power factor correction (PFC) with respect to the power supply net. To meet these objectives a multi-loop controller is designed based on nonlinear approach applied to the 5th order nonlinear model. The simulation results have been performed through MATLAB/SimPowerSystems environment and show that the designed controller meets its objectives.
INTRODUCTION
Consumption of worldwide energy is predicted to increase considerably due to more and more applications that are required electricity. This growing demand has led to explore other sources of energy. Solar photovoltaic energy is one of renewable energies which are mostly used due to multiple advantages that's offer. PV panels are associated in series and in parallel in order to obtain high level power, but the amount of this power depends the atmospheric conditions. The power provided by PV panels in many cases is injected into the electrical distribution grid via power converters, including various topologies such as single stage PV system, where the grid is connected to PV panel via a DC-AC inverter, or connected in two stages (Aouadi et al., 2014) , in this topology we used an additional DC-DC power converter ( Abouloifa,et al., 2003; Abouloifa,et al., 2005) to the first topology which acting as MPP tracker. In the literature, there are many reported types and control techniques of grid connected PV systems have been proposed, in (Kjaer et al., 2005) authors in this paper present a review which focuses on inverter technology for connecting photovoltaic systems modules to a single phase grid taking into account power quality and injection of current into the grid. The problem of control strategies for single stage photovoltaic inverter is addressed in (Ciobotaru et al., 2006) , where authors present a comparison between two different current controllers which are the classical proportional integral (PI) and the novel proportional resonant (PR) controller, in (Benadli et al., 2015) a Proportional integral (PI) and sliding mode controller (SMC) was used to control current for three phase grid connected photovoltaic system and a comparison between these two techniques show the effectiveness of sliding mode controllers which offer an excellent steady state and fast dynamic response, a nonlinear control of single phase grid connected system using Backstepping technique is addressed in (Aouadi et al., 2015) which the topology consists of two stage of conversion this controller technique is also described in (Abouloifa et al., 2014; Giri et al., 2010 ), in (Lalili et al., 2011 authors present a controller based on output feedback linearization control technique to control the power factor of grid connected photovoltaic inverter which has a single stage of conversion.
The PV voltage provided by the PV panels depends on climatic conditions, in this way the utility of MPPT algorithm is shown, where the fundamental idea is to ensure that the PV operates on the maximum power point regardless of climatic conditions such as temperature and irradiation, in the literature different MPPT techniques have been proposed for PV power generation such as perturb and observe algorithm (Femia et al., 2005) incremental conductance and short circuit current were presented in (Kok Soon Tey and Mekhilef, 2014; Noguchi et al., 2002) and tested.
In this paper, we are addressing the problem of controlling single stage PV system with a half bridge inverter connected to an electrical grid through LCL filter, this proposed system has the advantage by using the minimum of semiconductors which implies a lower switching loses. In fact, we propose a nonlinear control of the PV system connected to the grid based on accurate mathematical model and using Backstepping approach and Lyapunov stability tools. This paper is organized as follows: a description and modelling of PV system is firstly given. This is followed by the structure of the proposed controller, where its performances are formally analyzed in section 4, then simulation results which validate the effectiveness of the
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SYSTEM DESCRIPTION AND MODELING
The controlled system shown in figure 1 has an original and simple structure. In fact, it is composed of two photovoltaic panels connected to the electrical network via a half bridge inverter and an LCL filter which contributes to the attenuation of current harmonics. The half-bridge inverter employed has a reduced number of electronic components. Thus, only two switches are used with a capacitive divider.
The inverter involves two major tasks: the first one is to ensure that the PV panels are operated at the maximum power point (MPP). The second is to inject a sinusoidal current into the grid. 
with µ is binary signal taking value in the set {-1,1}.
Equations (1a-e) represent the instantaneous model of the system under study; this model cannot be used directly for controller design due to the switched nature of the control input. To overcome this challenge, the control design for the above system will be based upon the following average version of (1a-e):
